The study was undertaken to investigate a possible mechanism for reducing the phagocytosis of spermatozoa by leukocytes in the peritoneal fluid from women suffering from endometriosis. Peritoneal fluids were collected during laparoscopy from women undergoing laparoscopic sterilization or from women under investigation for cause of infertility where the laparoscopic findings were endometriosis. Prepared spermatozoa from one healthy man were incubated in vitro with peritoneal fluid with or without lignocaine. Samples from the incubations were studied daily and the number of viable and dead spermatozoa were counted. The number of free spermatozoa, not adhered to leukocytes, was significantly increased when incubated in human peritoneal fluid supplemented with lignocaine. Thus lignocaine contributes to increasing the number of free spermatozoa and maintaining the possibility of fertilizing an oocyte. For patients with endometriosis, treatment with lignocaine might be a means of increasing the chances of conception. A clinical study is in progress to evaluate this effect in vivo and to search for alternative methods of assisting the fertilization process.
Introduction

Endometriosis and infertility
In spite of several previous investigations the causal relationship between reduced fertility and endometriosis without pelvic adhesions is not clear and neither is the reason for the lack of an improved fertility rate after treatment (Mahmood and Templeton, 1990 ). An increased number of leukocytes has been shown in the peritoneal fluid from patients with endometrial peritoneal implants and been considered to represent an ongoing inflammation (Haney et al., 1981; Edelstam et al., 1994) . These leukocytes constitute in-vivo primed macrophages secreting a macrophage-derived growth factor (MDGF) that may explain the proliferation of the endometrial tissue (Halme et al., 1988) . Other secretory products from the macrophages, which include growth factors such as tumour necrosis factor and interferon, exhibit gamete toxicity and may also have an adverse impact on the fertility process (Halme, 1991) . Peritoneal fluid macrophages in women with endometriosis may also have an increased capacity to resist apoptosis (programmed cell death) and to continue to survive, which may be a crucial factor for infertility (McLaren et al., 1997a) .
Peritoneal fluid and phagocytes
Cell-free peritoneal fluid has been shown to significantly reduce the ovum retrieval capacity of the fimbriae of the Fallopian tubes (Suginami et al., 1986) and may be an important factor in the infertility of patients with endometriosis. In addition, the progressive velocity of spermatozoa has been shown to be reduced in peritoneal fluid from patients with endometriosis and unexplained infertility (Makarand et al., 1985) . Further, phagocytosis of spermatozoa was found to be increased during a 24 h in-vitro incubation with the peritoneal fluid from patients with endometriosis (Muscato et al., 1982) .
This study was undertaken to analyse further the spermleukocyte interaction in patients with endometriosis and to find a potential therapeutic approach. To exclude immunological influences only one sperm donor was used. Phagocytosis and sperm viability were assessed during incubations in noncentrifuged peritoneal fluid from healthy women and women with endometriosis. The incubations were carried out with or without lignocaine supplementation which was chosen due to its previously documented cell membrane stabilizing effect (Mikawa et al., 1994) . Thus the hypothesis was that lignocaine could block the phagocytosis of spermatozoa. The effect of lignocaine was also assessed upon the spermatozoa alone in the cell medium as well as upon the phagocytes in the peritoneal fluid.
Materials and methods
Patients
Females
The patients were allocated into two different groups. (i) The control group (n ϭ 9, mean age 39 years) consisted of women undergoing laparoscopic sterilization or of women with unclear abdominal pain. All had laparoscopic findings considered as normal with anatomically normal uterus and Fallopian tubes. (ii) The study group (n ϭ 8, mean age 36 years) consisted of women undergoing laparoscopy to find the cause of infertility or of abdominal pain where the diagnosis was endometriosis. The focus of interest in this study was the presence or not of visible endometriosis.
The phase of the menstrual cycle was not determined for any of the patients.
Males
The sperm donor was a healthy 38 year old male with normal fertility, normal sperm samples and with a sexual abstinence period of 2-3 days before each sample.
Samples of peritoneal fluid collected at laparoscopy
After the patients had been anaesthetized, blood samples were obtained for the subsequent analyses. At the beginning of laparoscopy when the instruments had been inserted in the abdominal cavity, all obtainable peritoneal fluid in the pouch of Douglas was aspirated (Edelstam et al., 1994) by a suction unit through a Teflon catheter (diameter 1.7 mm; Optinova, Godby, Finland) and mixed with 10 IU of heparin/ml (Olive et al., 1985) in a Teflon bottle (Nalgene, Brochester, NY, USA) and immediately processed. The amounts of peritoneal fluid were determined by weighing on an electric balance. Teflon was the material of choice for collecting the peritoneal fluid due to its low adhesion of mammalian cells (Grinnell et al., 1972) . Heparin was used as anticoagulant to prevent the leukocytes from aggregating (Olive et al., 1985) . All samples were obtained after permission from the patients and the sampling procedure was approved by the Local Ethical Committee.
Incubations of spermatozoa and peritoneal fluid
All methods used in the study had been extensively used in the laboratory (Neonatal and Reproduction Laboratory at Karolinska Hospital) and repeatedly evaluated. Every assay was performed by one skilled laboratory assistant.
A conventional swim-up procedure (World Health Organization, 1992; Russell and Rogers, 1987) was performed on spermatozoa in Earle's medium (Sigma). Incubations were carried out for 5 days in Teflon vials at 37°C and 5.5% CO 2 in a humid cell incubator (Assab; Kebo Assab AB, Stockholm, Sweden) as follows: (i) spermatozoa (1ϫ10 6 /0.9 ml), Earle's medium (1 ml), 0.1 ml NaCl (9 mg/ml); (ii) spermatozoa (1ϫ10 6 /0.9 ml), Earle's medium (1 ml), 0.1 ml lignocaine (10 mg/ml); (iii) spermatozoa (1ϫ10 6 /0.9 ml), peritoneal fluid (1 ml), 0.1 ml NaCl (9 mg/ml); (iv) spermatozoa (1ϫ10 6 / 0.9 ml), peritoneal fluid (1 ml), 0.1 ml lignocaine (10 mg/ml).
Earle's cell medium (Sigma) was supplemented with 0.35% bovine serum albumin. Xylocain ® (lignocaine) was purchased from Astra, Sodertalje, Sweden. The blood samples and the remaining amount of peritoneal fluid was centrifuged. The supernatant was stored at -20°C prior to analyses for hyaluronan which was used to diagnose the presence of any ongoing inflammatory disease (Edelstam et al., 1994) .
Up to 100 spermatozoa were counted in a Bürker chamber (Asquare). During the 5 days of incubation the spermatozoa were analysed daily in a blind fashion, at room temperature immediately after removal from the incubator, and the following parameters determined: number of free spermatozoa, i.e. non-adherent to leukocytes; number of spermatozoa with progressive, straight, forward movement; number of spermatozoa moving non-progressively, i.e. not in a straight direction; number of dead spermatozoa, i.e. no movement. The percentage of viable peritoneal leukocytes was assessed daily with the use of Trypan Blue.
A non-parametric statistical approach was used to analyse data due to the limited number of patients and the absence of normal distribution. Figure 1A shows the results obtained following incubation of spermatozoa with peritoneal fluid from women with or without endometriosis. After 2 days incubation significantly more free spermatozoa, i.e. non-adherent to leukocytes, were found in the 1354 incubations with peritoneal fluid from the controls compared to the group with endometriosis (P Ͻ 0.014, Kruskal-Wallis). Figure 1B shows the results obtained following incubation of spermatozoa with lignocaine and peritoneal fluid from women with or without endometriosis. Following incubation with peritoneal fluid from endometriosis patients, there were significantly more free spermatozoa after 2 days when lignocaine was present (P Ͻ 0.02, Wilcoxon; Figure 1A ,B). There were also more immotile spermatozoa following incubation with peritoneal fluid and lignocaine over time in both control and endometriosis groups (Figure 2) . Leukocyte viability during the 5 days incubation ranged from 60 to 84%.
Results
Lignocaine did not exert any adverse effects on sperm survival in control culture medium alone, i.e. there were no statistically significant differences following incubation of spermatozoa in medium alone with or without lignocaine over the 5 days (Wilcoxon; Figure 3) . Nor was there any significant difference in the number of progressively moving spermatozoa with or without lignocaine supplementation.
Survival of spermatozoa with peritoneal fluid and lignocaine irrespective of diagnosis
There was significantly less phagocytosis of spermatozoa after incubation for 2 days in peritoneal fluid with rather than without lignocaine (P Ͻ 0.002, Wilcoxon) for all patients regardless of diagnosis. Similarly there were more free spermatozoa on days 3-5 in the presence of peritoneal fluid and lignocaine (P Ͻ 0.001, Wilcoxon). Spermatozoa were microscopically observed trapped in large aggregates of leukocytes. Some were apparently undergoing phagocytosis, thus reducing the number of free functioning spermatozoa (Figure 4) .
Diagnosis of potential pelvic inflammatory disease
There were no symptoms of ongoing gynaecological infection in examinations of the patients before laparoscopy. Also, the hyaluronan concentrations in the peritoneal fluid were within the normal range and thus gave no indication of ongoing inflammation.
Discussion
The results suggest that lignocaine may have a positive effect on the survival of spermatozoa whilst maintaining their capacity for fertilization. Incubation of spermatozoa with peritoneal fluid and lignocaine gave similar results for the normal controls and the endometriosis patients. Thus the effect of lignocaine seems to be similar regardless of diagnosis. Clinically the effect of lignocaine is probably of greatest importance for women with endometriosis since they have a reduced fertility and an increased number as well as activity of leukocytes in their peritoneal fluid (Haney et al., 1981; Mahmood and Tempeton, 1990; Edelstam et al., 1994; McLaren et al., 1997a,b) .
The menstrual cycle stages of the patients in this study undergoing laparoscopy for either pain or infertility were not determined. It would have been interesting to have used only patients undergoing laparoscopy at the time of ovulation. However, it was difficult to collect several laparoscopies carried out on the same day and where the symptoms indicated that the expected laparoscopic diagnosis could possibly be endometriosis. Endometrial biopsies were not obtained and the stages of endometriosis were not classified since the focus of interest in this study was the presence or not of visible endometriosis.
The results demonstrate an increased number of free spermatozoa most likely due to their reduced phagocytosis by peritoneal leukocytes in vitro during incubation in peritoneal fluid for up to 5 days in the presence of lignocaine. In contrast to previous studies on the phagocytosis of spermatozoa (Makarand et al., 1985) and to avoid the confounding factor of different immunological combinations, this study included only one sperm donor. Consequently, this limited the study to a fixed preconcerted number of donated samples (n ϭ 10). The survival of spermatozoa was assessed blindly over 5 consecutive days, compared to 24 h in the previous study (Makarand et al., 1985) . Furthermore, not only the number of free non-phagocytosed spermatozoa was counted but also their movement. The only clear statistically significant difference between incubations with or without lignocaine was the number of free and immotile spermatozoa respectively. Both findings most likely reflect reduced phagocytosis.
An increase in sperm phagocytosis has been proposed as a possible cause of reduced fertility in patients suffering from endometriosis (Muscato et al., 1982) . The present study, and that of Sameijma (1989) using fluorescent beads, confirm an increased phagocytotic capacity of peritoneal macrophages in the peritoneal fluid of patients with endometriosis. Other studies of sperm phagocytosis have not considered the problem of leukocytes lost due to adhesion to the study vessel. In the present study Teflon was used for specimen collection and for incubations (Grinnell et al., 1972) . Other authors have used glass (Makarand et al., 1985) or polypropylene (Muscato et al., 1982) . Glass has the highest adhesion capacity for leukocytes (Grinell et al., 1972) and has been used for separating macrophages (Smedsrød and Pertoft, 1985) . Therefore the choice of material is important to avoid the loss of the most adhesive macrophages and subsequent interference with the results.
Previous studies have demonstrated that lignocaine does not have any adverse effect on spermatozoa (Bennett et al., 1992) which was confirmed in this study. The finding of a larger number of immotile spermatozoa in incubations with lignocaine over time (Figure 2 ) must be considered as resulting from the reduced sperm phagocytosis in the presence of lignocaine, since no adverse effects from lignocaine were found on the motility or survival of the spermatozoa alone (Figure 3) .
The fimbriae of the Fallopian tubes are constantly moistened by peritoneal fluid, which in the case of patients with endometriosis, reduces the capacity for ovum capture (Suginami et al., 1986) . As demonstrated in this and previous studies leukocytes in the peritoneal fluid of patients with endometriosis are more numerous and have a greater potential for phagocytosing spermatozoa, thereby reducing the number of free functioning spermatozoa (Muscato et al., 1982; McLaren et al. 1997a) . In the peritoneal fluid of women with endometriosis there are also reduced amounts of macrophage inhibitory factor (interleukin-13) which may contribute to the increased macrophage activity (McLaren et al., 1997b) . Thus, in women with endometriosis several factors may contribute to their reduced fertility: an impaired ovum capture, an increased phagocytosis of spermatozoa and a lack of suppression of macrophage activation. If both the ovum capture is impaired and the number of functioning spermatozoa is reduced, it is understandable why endometriosis even without adhesions will reduce fertility. The timing of ovulation and administration of treatment to increase fertility must be important for women with endometriosis.
Even though the patient number in this study was limited, the results suggest that lignocaine can increase the number of free spermatozoa and may be used to reduce the phagocytosis of spermatozoa in patients with endometriosis. Further clinical studies will be undertaken to verify this. Lignocaine has been used for many years without any reports of adverse effects 1356 during pregnancy (Ramazzotto et al., 1985) . It should therefore be possible to use it for the treatment of infertility in the endometriotic patient, a clinical study that now is in progress.
